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PHOSPHATE    DEPOSITS 


Discovery  of  Phosphate  of  Lime  in  the 
Rocky  Mountains 


I.— Reasons  for   Undertakim.  vm;   IsvKsTKiAiioN- Tm;  Ri;sultin(, 

DiSCOVKRY   OF    PhOSPHATK    IN    AlHKRTA 

WITH  thy  great  devclopnunl  of  agriculturi'  in  Westirn  Canada  there 
will  arise  in  the  not  distant  future  an  insistent  and  ever-increasing 
demand  for  fertilizers  and  manures.  Amon^  the  constituents  of  such 
manures  phosphoric  acid  is  one  of  the  most,  if  not  the  most,  im|)ortant. 
In  all  countries  where  agriculture  is  conducted  on  modern  meth«xls  and 
where  the  maximum  yield  is  obtained  from  the  land,  all  sources  of  raw 
material  for  the  manufacture  of  phosphates  are  eagerly  sought  for  and 
exploited.  In  Canada,  no  deposits  of  mineral  phosphates  are  known  except 
the  apatite  deposits  of  the  Ottawa  district.  These  are  of  relatively  small 
extent  and  are  no  longer  worked. 

In  certain  of  the  VVeste-n  United  States,  however,  especially  in  Utah, 
Idaho,  Wyoming  and  Montana,  great  beds  of  mineral  phosphate  have  been 
discovered  recently  and  have  been  described  in  detail  by  officials  of  thi 
United  States  Geological  Survey.  These  discoveries  have  been  hailed  as 
of  especial  importance  since  they  afford  the  raw  materials  on  which  the 
future  development  of  agriculture  in  the  western  portion  of  the  United 
States  will  be  based. 

It  was  even  suggested  at  a  conference  of  the  Governors  of  the  States, 
held  in  the  year  1908,  that,  on  account  of  the  great  value  of  phosphate 
deposits  to  the  agriculture  of  that  country,  a  law  should  be  passed  pro- 
hibiting the  export  of  phosphates  to  foreign  countries. 

It  seemed,  therefore,  to  the  Commission  of  Conservat-on  of  Canada 
that  it  was  of  the  greatest  importance  that  similar  deposits  of  phosphate 
should  be  discovered  within  the  Dominion  of  Canada. 

These  westen  .phosphate  deposits  in  the  United  States  do  not  occur 
irregularly  and  at  hap-hazard  in  the  rocks  of  the  earth's  crust,  but  are 
found,  wherever  they  occur,  at  a  well-defined  geological  horizon,  namely, 
near  the  top  of  the  Carboniferous  system. 

It  was  evident,  therefore,  that  the  fi'-pt  step  in  the  search  for  similar 
deposits  in  Canada  was  to  ascertain  where  rocks  of  Upper  Carboniferous 
age  existed  in  Western  Canada  and  whether  the  rocks  of  Carboniferous  age 
occurring  in  the  Western  United  States  could  be  traced  northward  across 
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tlu-  border  inlo  (unudu,  and  whether,  if  such  were  the  case,  the  I'pper 
('arl)onifer()u>  rocks  could  anywhere  l)e  found  in  (anarla  with  a  deveiop- 
inent  similar  to  that  which  they  ha-.e  in  the  phosphate  district  of  the 
WesU-rn  United  States. 

The  Carboniferous  rocks  holding  these  western  phosphat"  deposits 
in  the  Unitetl  States  would  find  their  northern  continuation,  should  such 
exist,  in  the  Rcxky  mountains,  in  the  provinces  of  British  Columbia  and 
Alberta. 

The  present  report  presents  the  results  of  a  geological  examination  of 
the  Canadian  Rocky  Mountains  along  three  lines  of  section,  which  resulted 
in  the  discovery  of  phosphate  in  Canada — at  a  locality  in  the  Rocky 
Mountains  situated  in  the  province  of  Alberta,  350  miles  north  of  the 
nearest  occurrence  which  is  known  in  the  United  States. 

A  brief  description  is  also  given  of  the  phosphate  deposits  of  other 
countries,  as  well  as  directions  to  prospectors  who  desire  to  prosecute  the 
search  for  phosphate  beds. 

II.— The  1mpokt.\n(  !•:  of  Phosph^tic  Fertilizers 

While  a  growing  plant  requires  a  number  of  chemical  elements  for  its 
perfect  »!evelopment,  three  of  these  are  especially  necessary,  namely  nitro- 
gen, potassium  and  phosphorus.  These  three  substances  are  taken  from 
the  soil  in  such  large  amounts  by  growing  crops,  that,  unless  very  special 
precautions  are  taken,  the  supply  of  these  elements  in  the  soil  becomes 
greatly  diminished  and  the  fertility  of  the  soil  gradually  declines  until  it 
can  no  longer  lie  cultivated  with  profit.  This  is,  briefly  stated,  the  cause  of 
the  progressive  exhaustion  of  the  land  which  has  had  such  far-reaching 
consequences  in  so  many  portions  of  the  world. 

Taking  the  wheat  crop,  merely  as  an  index  of  yield,  the  result  of  con- 
tinuous cropping  in  the  United  States  without  an  adequate  return  to  the 
soil  of  the  constituents  removed  from  it.  is  set  forth  in  a  recent  Bulletin*  of 
the  United  States  Federal  Department  of  Agriculture  as  follows; 

"Wheat  was  successfully  produced  in  central  New  York  for  something 
like  40  years.  During  the  latter  part  of  that  period  the  yield  began  to 
decline,  and  at  the  end  of  another  20  years  it  was  '<o  low  that  exclusive 
wheat  growing  became  unprofitable.  Ohio,  Indiana,  Illinois  and  Iowa  have 
each  in  turn  repeated  the  history  of  New  York.  The  soils  of  these  states 
were  productive  in  the  beginning,  and  it  required,  40,  50  «r  60  years  for  the 
single  crop  system  to  materially  reduce  the  yields." 

Now  in  the  Eastern  States  are  found  in  many  regions  abandoned  farms 
with  farm  houses  in  every  stage  of  decay.    The  average  yield  of  wheat  in 


•See  James  J.  Hill,  Highways  of  Progress,  p.  77. 
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New  York  state  as  recently  as  1898  was  21.2  bushels  per  acre;  in  19()7  it 
was  17.3  bushels.  In  the  same  short  time  the  averaRe  yield  in  Inrliana  fell 
from  15.6  to  14.4  bushels;  in  Minnesota  from  15.8  to  IJ  bushels;  in  .North 
Dakota  from  14.4  to  10  bushels;  in  Oklahuma  frcmi  14.'>  to  9  bushels. 

The  nitrogen  which  is  taken  from  the  soil  by  Kfowinj;  crops  may  l)e 
returned  to  it  by  ploughinR  in  crops  of  clover,  which  ha\i'  the  jjcwer  of 
fixing  the  nitrogen  of  the  air  and  conveying  it  to  the  soil  in  the  form  of 
certain  nitrogen  compounds.  It  can  also  b«'  supplied  directly  to  the  soil 
in  the  form  of  ammonium  sulphate,  which  is  now  obtained  in  large  quan- 
tities as  a  by-product  in  the  coking  of  coal,  or  in  the  form  of  certain  other 
nitrogen  compounds  manufactured  from  the  air  by  certain  elect ric.il  pro- 
cesses. 

Potash,  which  is  of  equal  importance,  is  usually  present  in  soils  in  re- 
latively larger  amount,  although  in  all  processes  of  intensive  farming  by 
which  especially  large  yields  are  obtained  from  the  soil,  this  substance  is 
returned  to  the  soil  through  the  medium  of  some  kind  of  fertilizer. 

Phosphorus,  in  the  form  of  some  phosphate,  is  of  very  especii-l  import- 
.mcc,  and  if  no  steps  are  taken  to  restore  to  the  soil  the  supplies  of  thi« 
substance  abstracted  and  removed  by  the  crops,  the  soil  becomes  gradually 
impoverished  and  will  finally  cease  to  pnxluce  a  profital)le  yield. 

Or.  C.  (i.  Hopkins,  in  his  bof)k  on  Soil  Frrlilily  and  Permanent  Agri- 
(ulture,  page  1S,V  states  that: 

"Phosphorus  is  the  only  element  which  must  be  purchased  and  re- 
turned to  the  most  common  soils  of  the  United  States.  Phosphorus  is  the 
key  to  permanent  agriculture  on  these  lands.  To  maintain  or  increase  the 
amount  of  phosphorus  in  the  soil  makes  possible  the  growth  of  clover  (or 
other  legumes)  and  the  consequent  addition  of  nitrogen  from  the  inex- 
haustible supply  in  the  air;  and,  with  the  addition  of  decaying  organic 
matter  in  the  residu's  of  clover  anfl  other  crops  and  in  manure  marie  in 
large  part  from  clover  hay  and  pasture  and  from  the  larger  crops  of  corn 
and  other  grains  which  clover  helps  to  prorluce,  comes  the  possibility  of 
liberating  from  the  immense  supplies  in  the  soil  sufficient  (wtassi'um, 
magnesium  and  other  essential  abundant  elements,  supplemented  by  the 
amounts  returned  in  manure  and  crop  resitlues,  for  the  production  of  large 
crons  at  least  for  thousands  of  years;  whereas,  if  the  supply  of  phosphorus 
in  the  soil  is  steadily  decreased  in  the  future,  in  accordance  with  the  past 
and  present  most  common  farm  practice,  then  poverty  is  the  onlv  future 
for  the  people  who  till  the  common  agricultural  lands  of  the  United  F.tatcs. 

'And  this  Joes  not  refer  to  the  far  distant  future  only,  for  the  turning 
point  is  already  past  on  most  farms  in  our  older  states  and  on  many  farms 
in  the  corn  belt;  and  lands  that  have  passed  their  prime  with  sixtv  years  of 
cultivation  will  decrease  rapidly  in  productive  power  and  value  during 
another  sixty  years  of  similar  exhaustive  farm  practice." 

In  1914  the  wheat  production  of  Canada  amounted  to  158,22,^,000 
bushels— the  average  yield  per  acre  being  about  15.37  bushels.    Allowing 
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two  pounds  of  straw  as  removed  for  every  pound  of  grain,  and  taking  the 
average  analysis  of  wheat  and  straw,  the  following  amounts  of  plant-fixnl 
were  removetl  from  the  soil  during  that  year  by  the  wheat  crop  alone. 

Nitrogen .^0O.(KK),(K)0  pounds. 

Phosphoric  acid 95,000,000       " 

Po'ash 137,0(K),000       " 

While  the  virgin  soils  of  the  western  provinces  of  Canada  and  espcci- 
ally  the  very  ''.eep  rich  soils  of  Manitoba,  continue  for  years— and  in  some 
cases  for  n  .ly  years— to  produce  heavy  yields  even  under  continuous 
croppmg,  they  are  by  this  process  being  gradually  depleted,  and  as  the 
supplies  of  plant  food  in  them  Income  gradually  reduced,  the  signs  of 
exhaustion  will  be  manifested  in  decreasing  returns.  As  a  matter  of  fact, 
this  depletion  is  already  manifesting  itself  as  shown  by  an  investigation 
recently  carried  out  by  the  Commission  of  Conservation.* 

In  order  to  maintain  the  fertility  of  the  soil,  these  valuable  consti- 
tuents taken  from  the  soil  must  be  returned  to  it.  Of  these,  as  has  been 
mentioned,  the  most  important  is  phosphoric  acid. 

In  1913  there  were  16.726,400  acres  of  land  under  cultivation  in  the 
three  Prairie  Provinces  and  the  depletion  per  acre  annually  may  be  taken 
as  equivalent  to  the  phosphoric  acid  contained  in  60  pounds  of  high-grade 
phosphate  rock.  At  this  rate  501.800  tons  of  high-grade  phosphate  rock 
would  be  required  each  year  simply  to  offset  the  depletion  of  the  land 
already  under  cultivation  in  Manitoba,  Saskatchewan  and  Alberta. 

III.— Phosphate  Defosits  of  Montana,  Idaho,  Wyominc.  and  Utah 

Phosphates  wt. ;  first  discovered  at  certain  localities  in  north-eastern 
Utah  and  south-eastern  Idaho,  in  the  district  where  the  states  of  Utah, 
Idaho  and  W>  o-ning  come  together.  From  thence  the  deposits  were  traced 
to  the  north  as  far  as  the  vicinity  of  Helena,  Montana,  and  south-east  and 
west  m  the  states  of  Idaho,  Utah  and  Wyoming.  They  are  now  known  to 
occur  in  an  area  in  Montana,  south-eastern  Idaho,  north-eastern  Utah 
and  south-western  Wyoming,  having  an  extent  of  about  420  miles  north 
and  south  and  about  220  miles  in  an  east  and  west  direction.  (Map  No.  1 
shows  their  distribution.) 

The  phosphate  rock  occurs  in  the  form  of  well-defined  beds  inter- 
stratified  with  rocks  of  Upper  Carboniferous  age,  although  by  some  ob- 
servers they  have  been  classed  as  Permian.  These  constitute  what  is 
termed  the  Phosphoria  formation,  a  series  of  shales,  sandstones  and  lime- 
stones aggregating  about  100  feet  in  thickness  and  containing  one  or  more 
beds  of  phosphate  rock  ranging  in  th-'-'-ness  from  a  few  inches  to  ten  feel. 
•See  Fifth  Annual  Report,  Commissir  >nservation,  p.  168. 
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Usually  (jne.  and  sometimes  two,  of  these  beds  in  a  given  section  is  work- 
able and  pr()l)ably  some  of  the  others  can  eventually  be  minwi. 

The  rocks  of  this  Phosphoria  series  weather  away  readily  under  the 
action  of  the  atmospheric  forces  and  its  outcrop  is,  therefore,  inconspicuous, 
but  the  strata  above  and  below  it  are  usually  resistant  and  stand  out  in 
ledges  which  can  easily  be  traced.  The  lime  phosphate  in  the  beds  varies 
from  a  small  unworkable  content  to  80  per  cent. 

On  paKcs  6  and  7  there  is  presented  a  table  showing,  in  comparative 
form,  the  seological  sections  in  Montana  and  Idaho. 

This  great  phosphate  field  having  been  discovered  only  in  very  recent 
years  and  in  most  places  lacking  transportation  facilities,  has  as  yet 
been  worked  l)ul  to  a  very  limited  extent.  It,  however,  embraces  the  largest 
known  area  of  phosphate  beds  in  the  world  and  at  some  future  time  will 
probably  sujjply  a  large  part  of  the  world's  production  of  commercial  fertil- 
izers. The  development  of  intensive  farming  as  a  result  of  the  reclamation 
of  the  arid  lands  of  the  West  will  afford  an  ever-increasing  market  in  the 
I'nited  States. 

IV.— Description  of  Phospii.mk  Deposits  nk.ar  M.mden  Rock, 

MONT.A.NA* 

These  deposits  are  of  especial  interest  in  connection  with  possible 
occurrences  in  Canada  in  that  they  represent  those  phosphate  deposits  in 
the  United  States  which  lie  nearest  to  the  Canadian  border.  There  is, 
therefore,  u  probability  that  their  characters,  conditions  and  geological 
relations  are  those  w^hich  would  be  found  in  deposits  occurring  in  the  Domin- 
ion of  Canada.  This  region  was.  therefore,  examined  by  the  writers  in 
compan\  with  Dr.  Lindforth  of  the  geological  staff  of  the  .Anaconda  Copper 
and  Mining  Co.,  of  Butte  City,  Montana,  which  company  has  already 
done  some  preliminary  work  in  opening  up  the  deposits  in  question. 

Maiden  Rock  is  a  station  on  the  Oregon  Short  Line  railway,  about 
2.S  miles  south  of  Butte  City,  Montana. 

The  following  formations  are  exposed  in  this  localitv: 
CKi;T.\rEoi  s 

Kootenai  formation 

JlR.XSSIC 

Ellis  formation 

CARIiOMKEROt'S 

(a)  Pennsylv.wi.w 

Upper  Quadrant  quartzite 
Phosiihate  bed 
Mifldle  Quadrant  limestone 
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NKAR    F-"liANK    AM 


Elliston,  Montana 


Mei.rose,  Montana 


[Alberta  (near  Frank 


Cretaceous—  !Cretaceous— 

Shale.black  fissile  (probably  Color-      Allison  Creek 
ado.  Upper  Cretaceous)     Benton 


Buff-weathering  sand-i 
stone  and  shale  and 
arenaceous  limestone! 

Thick  bedded  quartz-i 
ose  sandstone,  con-l 
taining  black  chert ' 
pebbles  ; 

Black  chert  (iscoinmonj 
iitimedately  over' 
phosphate) 


Sandstone.fine grained  brown 
and  rusty  weathered  (base  | 

of  Colorado) lOft.j 

Shale  in  part  vari-coloured  .200  ft.' 

Kootenai    (near    top)    litne-  ' 

stone,dark  blue,  containing  j 

gastropods loft.t 

Sandstone,  dark  green  and  1 

buff,    also  vari  -  cclourcd  I 

shales  (maroon,  green,  | 

yellow,  brown,  etc.)   in- 
cluding ihin  beds  of  blue  | 

_  limestone 600  ft.! 

Kootenai  forma  I'lii  (ba.se  of)         I 

Quartzitc,  or  sandstone  and  I 

massive  ledges  of  coarse-  ! 

pebble  conglomerate  ....  100ft.' 


Crowsnesi 
Dakota  j 


vole 


Koot 


enay .  .  .  .ii.So  it 


(Pennsyi.vanian — 

Chert    (and   quarizile; 
i         massive;  yellow  stained, 

,         brecciated 100  ft. 

,     Phosphate  bed 5  ft. 

I  Limestone,  blue,  sandy, 
I  wi  black  chert  in  nod- 
!         uk>  and  layers 130  ft. 

(Juadrani  formation — 
yuarizitc,  very   massive, 

i         white  vitreous 400  ft. 

Sandstone,  quartzite  and 
sandy   shale   including 

I         dark  red  ami  purple  hands  300  ft. 


Permian—  Triassic  ( ?)  Jurassic  { ?)— 

Phosphoria  lormation  i     Shale,  with  some  limestone. 

Sandstone  and  shale,  showing  decided  green  and  I 

soft  greenish  brown  75  ft.i        brown  in  upper  part    ...  400  ft  ' 
Phosphate  rock,shown  I 

bybluish-whitefloal    5  ft. 

Pennsvlvanian — 

Quadrant  (  ?) — 

(Juartzite,  white,  ma.->-  uuissivu;   yeiiow  siaineo,  i 

sive,  leilge  maker      .lOft  hrcriatori'  in/if,  I 

yuartzite,  gray,  pink 
and    white,    inter- 
stratificd    with 

shale 210  ft 

Sandstone  04:  shale  200  ft 
Quartzite,  gray  and 
pink  variegated    . .  30  ft 
Shale,  sandy,  soft, 
reddish  in  places.     150  ft, 


Jurassic— 
Fernie  shale. 


.^0  It. 


MiSSISSIPPIAN — 
Madison  limestone, 
blue,  weathers 
white 1,000ft. -(- 


o 
> 


Ml.SSISSIPPIAN  — 

.Madison  limestone,  massive 
blur-weathering  ledges.  1,000  ft 


Massive  light 
gray  limestone 
|4,000fi.+ 
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.ii.SO  It, 


OF  Montana  and  Idaho,  as  Compaki:[)  with  CiKOLo<;n  ai.  Sixtions 

NEAR  BaNKHEAD.    AlHERTA. 


Alberta  (near  Bankhead) 


CHETACEOUS — 

Upper  ribboned  sand- 
stone  550  ft. 


(iENERAi.  Section   oi    Phosphate  Area   in    Idaho 


Cretaceois  ( >)— 

Agglomerate  (of  fault  origin  [ .'))  composed  of  frag- 
ments and  masses  of  volcanic  ash  (whitetuflF^  and 
triassic  and  carbnniferous  rocks. 


Kootenay  coal  measures  I 

2,8(K)ft.+ 


l.ower    ribboned 
stone 


Jurassic— 
Fernie  shale 


ind  ITriassic  or  Iarhonifekoi  >   (IncludinK    the   Middle 

l,(M)Oft.-t-!     or  Lower  Trias-sir  of  Hyatt  and  Smith) — 

I     Ankareh  shale,  '.onsists  essentially  of  red  shale 
and  rTiOttlcd  re<l  and  grenish  clay  an'!  shales, 
with  «>me  sandstone  and  somoliTiestone.      770  ft. 
Thayncs  limestone,  the  main  ixxly    of    the 
formation  consists  of  dark  blue  limestone 
l,50()ft.+  in  many  places  fossiliferous,  weathering  to 

a    brown    muddy    colour,    al.so   including' 

sandy  ami  calcareous  shale .,J<Klfr. 

Woodside     limestone,    thin    t)e<lcled     platy 
limestone,  somewhat  shaly  and  sandy.        1,0(K)  ft. 


Permian — 

L'pper  Banff  shale .      1,400  ft.  + 

(dark  brown  arenaceous  shale) 

PeNNSYLV  ASIAN — 

Rocky   Mountain  quart - 

zite.    800  ft. + 

(white  to  gray  quartzite  and 
arenaceous  silicious  lime- 
stone.) 

Upper  Banff  limestone  2,. ?00  ft.  + 
(thick  be<lded  dark  gray  lime- 
.stone  with  numerous  thin 
cherty  layers  and  underlain 
by  thin  bedded  limestone  and 
shale,    weathering  gray.) 


MiSSlSSIPPIAN  - 

Lower  Banff  shale 1,200  ft 

(black  to  dark  gray  shale. 
■••-<5illaceous  and  calcareous 
weathering  light  brown.) 

Lower  Banff  limestone  1,500  ft 
(Thick  bedded  gray  limestone 
with  numerous  dolomitic  seg- 
regations.) 


Pennsyi,vani.\\ 

Park   City    formation 600-«(IOft. 

(a)  f)ne  or  mor'  -riassive  strata  of  cherty  limestone  or 
chert,  proiiiw., nt  as  a  ledge  maker,  grading  in  p.irt 
to  a  |)urplish  chert  or  a  flinty  shale. 
(Ii)   Rock  phosphate,  phosphalic  shale  ami    minor 
limestone  bands. 

(c)    Limestone,    massive,    white    to    light     bbiiiH 
granular,  weathering   with    projecting    fossil    I :,>, 
menls.   Usually    with    bluish    chert    bands   ami    'ii 
some  hxaliiies  black  chert   in  roimded  no<luIcs  in 
the  lower  portio'i. 

WVber  ( ?)  form.it  ion  (white  sanrlstone  and  quari/.ile, 
calcareous  s.iiulst ones  and  light  coloured  limes'.oncs, 
with     variable     amounts     of     intert)edded 
quartzite)      1,000  ft. 

Morgan   i  .■'i    foriiiaiion    ilighl    lolourrd    lime- 
slone  with  iiiierbedded  s;in<lstonr)    .S(H»  ft. 

Uri'KH    MlsSlssll'l'IAN — 

Bluish-gray    limestone     with     sijliirical     nodules    of 
black  chert  :  gray    s;indy    limestone  streake<l  with 
calcite  and   -[H'ckled  with   siderite;  locally 
marked  by  corals  and  crinoid  stems    1,200  ft. 

Lower  Mississippian — 

Madison  limestone,  massive  blue  gray  limestone,  a 
thick  forination  making  high  mountainous  coun-'-v 
where  brought  to  the  surface  in  m,a.ss. 
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Lower  Quadrant  limestone 

Lower  Quadrant  shale  and  sandstone 

(b)  MiSSISSIPHIAN 

Madison  limestone 


DESCRIPTION    OF   FORMATIONS 

Cretaceous 

Kootenai   Formation-This  formation  probably  represents  the  base  of 
he  Kootena.  and  .s  composed  of    quartzite.  or  sandstone,  with  massive 
ledges  of  coarse-pebble  conglomerate.     Th.  sandstone  is  evenly  bedded 
greenish  and  brownish  in  colour  and  composed  of  fine  sandy  material.         ' 

JUR.XSSIC 

Ellis  Forn,ation -The  Ellis  formation,  which  is  Triassic  or  Jurassic 
in  age  has  a  thickness  of  about  900  feet  and  lies  conformably  on  the  Upper 
Quadrant  quartzite.  It  is  composed  of  shale,  green,  brown  or  purple  in 
colour,  with  some  limestone.  ^ 

Carboniferou-s— (a)  PL-nnsylvanian 

Quadra,,/  Formation-The  Quadrant  formation  is  compo.sed  of  an 
upper  and  more  massive  portion  consisting  chiefly  of  quartzite.  200  feet  in 
thickness,  fornung  prominent  outcrops  of  hard  ledges,  including  some  shalv 
1 3  yt*  rs . 

This  is  underlain  by  the  Middle  limestone,  about  180  feet   in   thick 
ness.     This  limestone  contains  much  black  chert.     The  phosphate  bed 
having  an  average  thickness  of  about  four  feet,  occurs  between  the  Middle 
limestone  and    Upper  quartzite,  and  on  account  of    its  .softness  and  its 
position    between    two   more   resistant    formations,    the   outcrop   usually 
occupies  a  depression.  ^ 

--n7^''-^?^  "''"*-'=*'°"''  ''^  underlain  by  a  massive  white  quartzite 
/.iu  leet  m  thickness,  which  in  turn  is  underlain  bv  about  300  feet  of  sand- 
stone and  sandy  shale  including  dark  red  and  purplish  bands. 

(b)  Mi.ssissippian 

Madison  Limestor,e~-Th,'  Madison  limestone  consists  of  heavy 
massive  beds  of  light-coloured  limestone,  which,  resisti.ig  erosion,  give  rise 
to  strongly  marked  rugged  topographic  features.  Its  thickness  at  Maiden 
Kock  IS  about  1.500  feet. 

The  fauna  of  this  formation  corresponds  to  that  of  the  basal  portion 
<.l  the    Wasatch  Limestone"  of  the  Wasatch  mountains  of  Utah. 
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Section  along  Canadian  Pacific  Rail* ay  near 


Frank,  Mberta.      Scale,  2  milcii  to  1  inch 


{After  W.  W.  Lraih) 


Wigwam  fmrr 


rialhi-ail  Vnllry 

Section  along  North  Kootenay  Pas,.        Scale.  t>  miles  to  1  inch 
(After  Geo.  M.  Pnwson) 
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PHOSPHATE  OF   LIMK   IN   THE   ROtKV    MOl  .STAINS  <» 

Plates  II,  III  and  V  illustratf  the  structure  of  this  district  and  show 
the  position  of  the  phosphate  heti  in  the  Maiden  Rock  district. 

In  many  districts  the  massive  blue  Madison  limestone,  which  is 
about  1,0<K)  feet  thick  and  conspicuously  exposed,  is  a  Kuide  to  the  phos- 
phate bed  which  lies  from  400  to  700  feet  above  it,  with  sandy  shale  and 
(|uartzite  between. 


DESCRIPTION   OF   THK    PMOSPII.XTE    ROCK 

The  fresh  phosphate  rock  is  dark  gray  to  black  in  colour,  and  on  the 
weathered  surface  is  characterized  by  a  bluish  white  tin^e  known  as  phos- 
phate bloom. 

It  is  usually  rather  soft  and  somewhat  earthy  in  apix-arance,  but  in 
some  places  is  hard,  black  and  compact,  having  tiie  appearance  of  a  ...u- 
grainetl  basalt. 

It  has  a  distinctly  higher  specific  gravity  than  quartzite,  chert,  shale 
and  other  rocks  with  which  it  is  usually  associated,  the  rich  varieties  having 
,1  specific  gravity  of  about  2.9,  as  compared  with  2.65  for  cjuartz.  A  frag- 
ment thus  is  noticeably  heavier  than  these  rocks  when  taken  in  the  hand. 

Moreover,  it  frequently  gives  off  a  faint  fetid  (xlour  when  broken  by 
a  hammer.  This,  however,  is  not  very  distinct  in  all  cases. 

One  of  the  most  distinctive  characters  of  the  phosphate  rock  is  an 
oolitic  structure,  which  is  almost  invariably  present.  The  rock  showing 
this  structure,  when  carefully  examined  under  the  lens,  appears  to  be 
made  up  of  minute  spheres,  like  honucopathic  pills,  which  usually  range 
in  size  from  .01  to  .1  inch  in  diameter.  These  are  tightK  cemented  together 
and  in  thin  sections  under  the  microscope  usually  show  a  concentric  and 
sometimes  a  radial  structure.  This  structure  is  excellently  seen  in  the 
Maiden  Rock  phosphate. 

On  analysis  the  phosphate  rock  is  found  to  contain  from  20  to  .?5  per 
cent  of  phosphoric  acid,  equivalent  to  from  4.V7  to  76.2  per  cent  of  trical- 
cium  phosphate. 

The  phosphate  rock  occurring  in  the  form  of  a  bed  has.  of  course,  the 
same  continuity  and  regularity  as  i-  possessed  b>'  ,i  coal  seam  or  any  other 
l>«lded  deposit.  Its  outcrop  is  well  illustrated  iw  Ma))  II,  which  shows  the 
large  area  beneath  which  the  phosphate  bed  extends. 

It  is  estimatefl  that  the  Elliston  field,  to  which  the  Maiden  Rock 
<xcurrence  belongs,  contains  over  86,000,000  tons  of  phosphate  rock. 

The  phosphate  deposit  at  Maiden  Rock  has  been  opened  up  b\  a 
iTosscut  tunnel  driven  near  the  valle\-  level  and  some  100  tons  f)f  the  rock 
have  recently  been  sent  to  the  plant  of  the  .Anaconda  Copper  and  Mining 
Co.  at  Anaconda  for  experimental  treatment. 
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V.  -TMK  CRBON.FKKO.  >  RoCKS  OF  THK  ROCKV  MOUNTAIN,  IN  CANAOA 

u     1     „   ......1  .henh(«phatedcpo!.it»orthewesUrnix>rtion 

„f  the  rniu-.!  States  arc  found  at  ^' 'l^hn.ti  gcoi  «  .^^ 

,      ■«•;-  ''f  ^X  t;.'t^  n"   ca    s  underlain  chiefly  by  rock,  of  I'.e- 
miles  distant.     The  inlerMnink  ar«.a 

age  are  cnftned  to  the  R.K^ky  n^""";;^'"^;         ^,,^„,,,i„,  ^.^e  acconUnKh 

covery  of  phosphate. 

These  three  lines  were; 

(a)  The  North  Kootenay  pas^  ^  .^^ 

(h)  The    frowsnest    line    ot    thi'  ^  anaui.in 

Turtle  Mountain  district.  .    , 

,,,  Tl"   ,„ain  lino  o,  .l,.  Cn.dian  '  ■"j^-  ™^»'  X, 
Mim.ni.  in  .in-  R™kv  Monma,u»  park  ,.t  Banff.  .\n..n.,, 

a. ■  20  n,iw.  n„n„ ...  ...o  .n.-m  ..i..n.  j-:^;^  jn  .X  K  u;..- 
summu  of  the  pa.-,  Davison  n  overlain  l.v  a 
strata  Ivini-  l.etween  two  faults  fa  and  ^  m  ^^'^J^  '^  ^^-^^^^  ^^^ 
.ories  of  "Red  Beds"which  he  supposed  to  be  of  Pernnan 
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i>n  arrount  of  it?!  re»t'ml)larKc  ti)  u  mtu>  <>I  thi-  .ini  fi>un<l  by  Mcfk  in  I  t.ili. 
One  of  thcHt-  faults  f)rings  the  supposed  I)fM>no-(iirlM)tiifir<»U!*riKk^.in.iiiiM 
the  Crctacf<»u»  on  the  t-ast,  while  the  othir  l)rinK>  lhi<«'  rocks  with  tin 
overlyinK  "Rwl  BwIh"  against  the  main  IwKly  oi  thf  Disono-Carhonifcr- 
uus  swrifs  on  thi-  west.  If  Dawson's  inttrpnlation  of  llic  agf  of  thr  "Rt<l 
Bods"  is  correct,  tho  phosphate  horizon  should  In-  in  ihis  Carhoniftroiis 
■*ries  iK-tween  the  faults  and  a  sh.jrt  distann-  ImIow  the  base  of  th  '>«<ls 
in  question. 

Bailey  Willis  examined  the  Lewis  and  l.ivinKston  ranges  in  Moiiian.i, 
immediately  to  the  south  of  the  Boundary  line  in  this  district,  in  the  xear 
1902,  and  as  the  result  of  a  more  iletailed  study  of  the  succession  than  was 
possible  in  Dawson's  case,  arrived  at  theconclusion  that  these  "Red  Beds" 
(his  Kintla  formation)  are  much  older  than  [")aws<jn  supjiost-d,  In-ing  pro- 
bably referable  to  the  Prc-Cambrian  ("Algonkiaii"'  while  the  underKint; 
limestone  formations  arc  not  Carboniferous  but  still  older  memliers  of  the 
Pre-Catnbrian.  Daly*  considers  the  "Re<l  Be<ls"  to  be  Pre-De*oiiian" 
in  age.   His  structural  section  of  the  Clarke  range  is  shown  on  Plate  l\'. 

On  page  12  is  a  comparative  table  of  the  stratigraphical  succession 
as  interpreted  by  Dawson  and  VVillist  respectively. 


*.\oTlh.  A'.iiricart  Cordillera.  Fortu-ninth  Parallel.  Geol-  Survey  of  Canada,  Mrmoir  No. 

38,  Part  I,  1912,  p.  83. 
tSee  Willis — Len-ii  and  Lifingslon  Ranges,  .Vonlann—buU.  Geol.  Soc.  Am.  1902,  p.  318. 
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PAWSON 


('■KT.MISOUl 


Seri*.  H  K.wn-colour«l  fljiggy  bed.  •wn  »nly  at  • 
dutance.  but  probaBlv  c..mpo«d  •'' maK"' 
«ian  namliitone*  and  lime»tone».  100  Iret. 


WILLIS  

t«tT.\C«l>t'« 

CAtwiNiraiiovft 


Serif-  (..  Bclr.  iharactfriwl  by  a  predominant  red 
colour  and  chiefly  red  M.nd«tonc.  but  n- 
eluding  Home  thin  grayuh  be<U.  and  mag- 
ne.ian-.nd.tone..  the  whole  KeneralFy 
ihin-bclded.  though  wimetime.  rather 
maMive.  Ripple  marlc..  etc.  Wea  her.  "o 
a  .teep  r.icky  talu.  where  exponw  in  the 
mountain  »ide.,  and  panw.  gradually  down 
into  the  next  iierie..  300  leet. 

Series  r.  Kawn-coloured  flaggy  1»<U  of  '"agn^JU" 
wndMonc  ami  lime»t.mc.  Some  red  wnl- 
Mone»  occur  throughout,  but  are  cpecially 
abundant  toward  the  top.  Apparently  a 
continuation  upward  of  the  I"""'""',';'; 
and  only  separated  from  it  by  the  trap 
over-fl>w.  200  feet. 


Kintia 
Argillite 


Shepherd 
Quart  lite 


Serie.  K.     Amygdaloidal    trap; 
hard.  50  to  100  feet. 


dark    coloured    and 


Scrieo  D. 


C  ompact  bluish  limestone,  somewhat  mas 
nesian.   and   weathering   brownish.      This 
forms  some  of  the  boldest  crags  and  peaks 
of    the    mountains,    and    apparemlv    rests 
unconformably  on  Series  C.  1,000  leet 


Siyeh 
limestone 


i— C^"sa„dsU>nes,^,uar«Ue..^a^  J^,^°^  ^^^^1- 


e 

a 

U 


Series  B. 


Appekunny 
formations 


a 
e 

a 

< 


sanasiones,  qua.  ■•..i«i»,  — •-  -—;<.,  ,_j 
of  various  tints  but  chiefly  reddish  and 
greenish  gray;  the  individual  beds  seldom 
of  great  thickness,  and  the  coOur  and  text- 
ure of  approximate  beds  rapidly  alternating. 
In  this  series  occurs  a  band  of  bright  red 
rocks,  of  inconstant  thickness;  also  two  or 
more  zones  of  coarse  magnesian  grit.  2,ooo 
feet  or  more. 

Limestone,  pale  gray,  cher.y^  and   WRhly- Uppermost  beds 
maanesian;  hard,  much  altered,  and  weath-      of  Altyn 
er^ngwhte.    I,  includes  at  least  one  band      limestone 
of  coarse,  magnesian  grit.  I'ke  that  found 
in  the  last  series,  which  weathers  brown. 
200  feet. 


Series  A.  1  mpure  dolomite  and  fine  dolomitic  q"f  r'^" 
ites;  dark  purplish  and  gray;  but  weather- 
ing bright  brown  of  various  shades.  /"O 
feel  or  more. 


Altyn  limestone 
upper  part 


I'l  All-.   \' — III    |(  Kill'  1)1    I'llDM-HAlK  UkI)  Nl-  \K    MmIiIN    Kcii  k,    MnSlVSV 
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Dawson  states  that  "the  division  betwem  Series  1"  and  G  and  ihai 
between  C.  and  H  are  probablv  not  of  great  importance.  No  uneonforniity 
obtains  and  very  similar  conditions  of  deposition  appear  to  have  prevailed 

throughout The  divisions  are,  therefore,  recognised  as  a  matter  ot 

convenience  only  and  are  founded  on  the  (lifferent  colours  of  the  form- 
ations as  thev  appear  on  the  mountain  sides.  " 

While  examining  the  district  last  Aui;i'  , ,  vi.i  r.ificeni  section  llirougli 
the  upper  half  of  this  succession  was  fo.  ,  .  ..n  ilu  ;.;-:■  '  Te  ridge  running 
parallel  to  the  North  Kootenay  pass  a  I  .i  i-ui  ih.v.-  .les  north  of  the 
Kast  Summit.  Here  in  a  series  of  brov,  ii>  ■  yell.'W  in.'  -.range  limestones, 
which  occupv  the  position  of  Dawson's  .  .  •  -  L.  .in  .ihundant  trilobite 
an<l  brachiop.Kl  fauna  was  discovered.  The  specimens  collected  ha\i>  been 
examined  by  Dr.  Kindle  and  Mr.  Burling  of  the  Geological  Survey  ol 
Canada.  Among  them  are  representatives  of  the  genera  .1  cm ///<).-..  Albcrl- 
ella  and  Ptwhoparia,  which  definitely  fix  the  hori/on  as  belonging  to  the 
lower  part  of  the  Middle  Cambrian.  The  underlying  "Red  Beds"  with 
the  limestones  underlying  them  and  supposed  by  Dawson  to  be  C^arbon- 
iferous,  are  Lower  Cambrian  or  Pre-Cambrian.* 

A  large  number  of  fossils  were  also  obtain. -d  from  the  great  series  <>f 
limestones  forming  Summit  mountain,  which  rises  from  the  Kast  Summit 
of  the  North  Kf)otenay  pass.  These  were  collected  at  vari(jus  horizons 
from  the  base  to  the  summit  of  the  mountain  and  have  lieen  examined  by 
Dr.  Kindle.  They  prove  that  the  whole  excellently  stratified  succession  of 
limestones  which  constitutes  Summit  mountain  is  of  Upper  Devonian  age. 
No  evidence  of  the  existence  of  Dawson's  fault  (a)  was  found  and  the 
succession  west  of  fault  (b)  is  apparently  continuous  and  conformable. 
This  succession  is  shown  on  Plate  IV. 

The  Cambrian  limestones  holding  the  fauna  of  Trilobites  and  Hra- 
chiopods  are  not  exposed  on  the  line  of  the  North  Kootenay  pass  itself, 
although  thev  actually  underlie  the  East  Summit  of  the  pass.  They  are 
here  concealed  by  the  heavy  mantle  of  talus  formed  of  materi.il  which  has 
fallen  from  the  slopes  of  Summit  mountain. 

With  the  recognition  of  the  fact  that  the  "Red  Beds"  are  not  Permi.in 
but  Lower  Cambrian  or  Pre-Cambrian  in  age,  it  is  evident  that  the  under- 
lying limestones  of  the  Siyeh  formation  are  not  Carboniferous  as  D.iw^.m 
supposed,  but  that  they  also  are  Lower  Cambrian  or  Pre-Cambrian. 

The  Carboniferous  does  not,  therefore,  appear  in  this  section  and  the 
phosphate  horizon  is  not  represented  in  this  area. 

Limestones  of  Carboniferous  age  (Mississippian)  have,  however,  been 
recognized  on  the  west  side  of  the  Flathead  valley.  They  occur  overlying 
similar  limestones  of  Devonian  age,  the  two  though  not  distinguishable  in 
the  field,  being  recognizable  by  palaeontological  evitlence. 

•SchofieikTsTj.  (loc.  cit.  p.  52)  shows  there  is  reason  to  Iwlieve  that  the  Siyeh  formation  in 
the  Cranbrook  art-a  is  I 're-Cambrian. 
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This  C-arl.,.nilcrous  linustonr  o.nsiiiul.s  what  is  known  as  the  Ward- 

tn.us  hnu.st..nc.  with  mklish  tinte.l  upixr  l.«ls  whuh  ma>   l-  I  orm.an 

'"■   '  Twi^olouical  structure  of  this  .listrict  has  not.  however   as  yet  been 

U       out      It  wouUl    therefore.  U-  advisat,le  to  exanuue  th.s  section  on 

Ih!:  X::r;i:Ko:;e:::pass  .....  ...  ..f  t^e  naU...,  riv.  f..  the^un- 

of  ..certainin,  whether  any  Upper  Carhon.ferous  he.is  can  '''»"";';; 
vi   "tl  e  Mi^tissippian  hmestones.     If    Dowlin.'s  conjecture  that  the  re  1- 
i^r,i  to  whi^he  refers  are  of  Pernnan  a.e.  ^^^  ^^^^X^^  ^ 
would   form  a  probal.le  hori.on   for   ,he  occurrence  o.   phosphate    .tune. 
The'   nlay.  howexer.  be  the  same  beds  as  thos.  referred  toby  Dawson. 

,M   The  Cnrcsnesi  Passat  Turtle  Mountatv,  Alberta  :   ^  ^reat  develop- 
„u.n    of  I  evono-Car-ooniferous  rocks  is  here  exposed  on  the  hne  of     h 
„u  nt  ol   ixvono  hounfled  on  either  sule  by  the 

;;,  be  brought  against  the  Devono-Carbon.ferous  bv  a  fault.    Mr.  Leach 

^^■'■''l^n^i^Sib^nll^^ul^uccession  on  Turtle  n.ountain  is  of  toler- 
„K.        iforn    d,aracter  throughout,  consisting  of  hcavdy  bedded  blu.s   - 

.,„,.  ;„-  ,ho,e  found  in  Montana  and  the  adjacent  states. 

,   ,    The  IWk.  Mn,n,tan,s  Pa-k  at    Banff,  Albcrla:   \n  thi.  --'!<'"  ;'- 

;:;;;:-;;;;:r;:;;;^;^^=::!"=^-- 

.S;h;;fi;ursl":^r7^"..'."-'^-  ^t-»'  ■^■'"■".  ^te^,oi^  76,  Geological  survey  of  C.nu.U. 
tnaly    r'"a-VV.'     v.,,./,    A,n.nc„n    CorMl.n,,    P..   1.  Geological  Survey  of    Can.ula, 

HOowliir  D.'^:^'.:"r."^V,.W.  of  Hn,U>.  (V ■.    M-v.ir  .M..-io.ica.  S.vey 

of  Canada.  l<»t.\  p.  32. 


'^'^M:- 
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encc.  ..f  phosphate  in  tl,.  I'nitcd  Stales,  the  Carboniferous  section  in  the 
Rocky  Mountains  park  at  Ban.T   resc.mbie.  in  many  respects  that  wluch  .s 

found  ill  Montana.  .      ..  •  i     i,  .^  t.,.,.n 

The    geological  succession   in  the  Rocky  Mountams  park    has  bun 

mapped  an<l  described  in  detail  by  Messrs.  Dowling  and  Allan  -f  the  Ceo- 

logical  Survey  of  Canada.  ,  ■     n     ,     u„„h   \n   x 

Dr.  Allan's  map  and  <lescription  is  to  be  foun.l  .n  Cade  Book  Ao  S. 
Part  /y.^^hich  was  prepared  for  the  transcontinental  excursion  o  the  In  er- 
national  (k-ological  Congress  in  1P13.  and  which  was  .ssucd  ''V*-^-;^^- 
ical  Survey  of  Canada.  The  gui.le  book  can  be  obtained  by  applying 
to  the  Director  of  the  Geological  Survey  at  Ottawa. 

The  Carboniferous  succession  according  to  Dr.  Allan  i^J^«  ^ "l'"*;^; 


1 


(AKBON-  IPesns^x-  iRcKky    Mountain 

iFERois  VASiANJ     Uuartzitc 


i 


Mississippi. \N 


Dr.  V  ONI  AN 


lpf)er  Banff  lime 
stone 


ll.nwcr  Banff  shale 


80()  ft.  While  to  grax  qtiartzite  and 
annatcuus  silinou?  lime- 
stone. 

2,30()  fi.  Thirk-t)edde(l  dark  gray  liiiie- 

-I-  stones  with  numerous  thin 

cherty  layers  underlain  by 

thin-bedded  limestone  and 

shale;  weathering  gray. 

1  200  ft.  Black  to  dark  gray  shale, 
argillaceous  and  calcareous: 
weathering  light  brown. 

Lower  Banff  lime-'l  1,500  ft.  Thick-bedded  gray  limestones 
;,"„„(,  i  -f  with     numerous    dolonn  .( 

]     '  ,  segregations. 

Intermediate  Ume-I  1,800  ft.  Thin-bedded  limestones,  with 
i     stnn-  '         +  alternating    more    massive 

:     *'°"  ;  layer- of  Kraydolonulic  and 

i  1  siliceous  limestone. 


This  .accession,  set   forth    in    tabular  form   in   cutnparison  ^vith    the 
carboniferous  as  develt,pe.l  itt  Montana  and  Idaho   is  seen  on  pp.  6  and  . 

As  will  be  note,l  it  pre^.  nls  the  fourfold  sub-divis.on  alreadv  noted  in 
tlie  Carboniferous  at  Maiden  Rock,  Montana. 

In  the  Georgetown  area  of  blaho  the  phosphate  bed,  ocxur  ,um  ...ovc 
the  Na"  Us  formation  which  is  of  Pennsylvanian  a^e  (Cppcr  rarbomforous) 
the  overlving  rocks  consisting  of  one  or  more  masstve  strata  ";  -^  '  "  " 
stone  or  chert.  And  it  is  of  especial  interest  to  note  that  near  the  base  of 
the  Wells  formation  a  large  variety  of  Spirifer  r.rkyn,o„ta„us  -  .'-P---^  > 
abundant.  Allan,  in  the  Guide  Book  mentioned  above,  in  referrmg  to  the 
Upper  BanfT  limestone  of  the  park,  says: 

"It  is  shalv  at  the  bottom,  but  more  massive  towards  the  top.  Cherty 
lenses  and  cherty  shie  interbedded  with  the  lower  shaly  limestone  help  to 
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D„.-...  ix!  TUK  RorKY  Mountains  Park 
VI  -Discovery  of  I'hospjiatk  Rock  in  the  Kocky  muv 

AT  Banff 
f  th,-  fossil  iust  mentioned  and  from  an  examin- 

ic,l  ,n,„. .,.  .hi.  arc„  ,„  U-  'o"™l '"  *^,^-^J  S"<lu  -iTiTtrf.  i.  cc- 
<-,„,,„.  C„n«rcj.        ;-  -  P- - i  «"n,in.  i.  .hat  .hc .„r„auo„. 

As  *.n  bt  sttn.  fo^y  "  j^  ^    Mountain  quarUiie  and 

into  th-  Dow  nvcr  near  Banff,  crosses  ^^^^^^ J  accordingly  first 

.Irmn  bv  this  Stream  for  "float"  of  phosphati  rock. 

for.nsastoenv.ancomin?downto  the  water's  edge.  (See  Plate  1.) 
for.nsastetp%.a  ^  rounded  and  weighed  31 

phosphate  that  could  survive  the  violent  attntion  to  wmc  ^^^^^^ 

Is  subjected  in  such  a  swift  and  ^"•:^;"    ";.4^7^^';,;„,d  have  been  corn- 
varieties,  which  may  have  ^een  associated  with  it   w^)"'^  ,f    .^e 
pletely  disintegrated  and  ground  to  powder  by  the  abrasive 
swiftly  running  water.     (See  Plate  VI.) 


H I  lom  ftf  fk 
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Th.'  ph'.sphat.-  r,Kk  fuun.l  in  tht-  Ih.I  of  F.,rtv.,„i|,.  .r.rk  is  v.rv  tin.. 

Kram«    a„.l  ma.Mv.  in  rhar.u„.r.  l.l.^k  in  .olour  a .».k,  lik.    V 

A  careful  ..xam.natu.n  of  i,.  l.n.kcn  M.rfar.  wi.h  a  k'.-I  Uns  show,    1,: 
.K.lmc  Mru.  ,ur.     whi<.l,  has  iH.-n  r^f.-rml  tn  a.  charac„.ri.inK  ol  r.^k  ' 
qu....  d.s.uu-,ly.   wi.h    il„.   presence,  of  ...asional  .lark   r.xllikro  "rts 

e.nU.l  IH.I0W  a«  s«.n  .n  .h.  ,hin  s.v,ions.     |„  p,a.-..  „„.  r.n  k  au/  h  w 
i     nl  '"•,«"  ;;-»^"'-'--"-  "-'  with  a  .-oa,in«  of  son,..  ......„,.:; 

">"..   al.       In    thc-s,.   cavitu-s   ,„  ..„.•   .,r    tw..  ,,la,vs   httl.-   a«Kavat..s    ,if 
nmuM...  ,ranspan.n,.  v„rc-.,us  crvs.als.  colourless  t.,  <f,vp  ....rpf..  in     ,!..., 

wm- ..l.s..m^l.    These  arc  in  all  prohal.ilitv  rtuorif  '"<"l"ur, 

i,  i.  ^^':  Tl  "'"'""^  1  ""■  'r^  ""■  '■"'"""*"'  ""•'^•^  'he  n,i.ros.„,H., 
U«M  fiuart.  emhe(l.le.l  .n  a  matnx  of  phosphate  of  lime.     Thi,  n.airix  is 

transpann,.       t  ,s  .sotrop.c.  showinK  in  some  places,  however,  a  ver.   low 
:l.."l.l..  n.frac„.,n.      n  this  phosphate  there  ar'.  rlistrilnu.l  he  .-  an     ,1    rT 
.rre,u  ar   shape.!.    .lUlef.ned   .larker   areas,  which    apparently   ." 
.leeper  colour  t..  the  presence  of  organic  matter.    Th.:  „,„„„;,,„    /  ^^ 
shows  a  very  stnkmg  .nilitic  or  concretionary  structure.    ,See  IMa  .■  V 

iL^hLr  a"n?r\""'"'  r   ^'^^^  ^^ ^'^  '^in  concentric  t.an.Is  IVna  '  v 
I.Rhtcr  and  darker  m  colour,  can  sometimes  k-  sc-en  as  a  bor.l.r  alK.ut  ,h e 

I  lati  VI  I.  N„    1).     But  It  .s  seen  in  the  most  striking  form  in  the  are.s 

t  kes  tt'tm 'o?  r:;r"K'"'  '^r "  ''"-^^^^  "•■' "-  '-■•-' '  < - 

denth  H  iu  "^^'''''  ^"'■'"•"''  "f  -"'•'^^--•v  -".K-s  varying  in 

depth  of  colour.  These  are  sometimes,  and  in  fact  usually,  nuite  snheHc 
.n  out  ne.  sc.-eral  of  then,  often  occurring  together  in  th  s"  ^.  '^"  ! 
a  numbc-r  o  adjacent  grains  of  quartz,  the  interval  between  the  s,  her. 
bemg  occupjed  by  strtjctureless  phosphate.  OccasionalK  ,  how ev  n  '  .  , 
'|f  sphencal  forms.  elongate<l  outlines,  lik..  those-  which  w.n  1  11  ,  n 
(luced  by  cuttmg  short  stout  rods  or  cylinders  are  seen  Th 
cnjcdar  or  elliptical  cross  sections.  suggestLg  th!^  ^::nr;nh^  *;.:;: 

;..^::of::::ar:hr;rh^^^^^^ 

In  some  of  the  thin  sections  a  few  of  these  rounded,  elliptical  and  ro,I 
■ke  forms  are  seen  to  Ix.  composed  of.  or  filled  with,  an  i.sotrop^m  ier       f 

minerV"'"''"  7'""'  ^'^  *^"'°"^  '""^  ^"  '■"^--  '"  --'  ca.is    I.a 
mmeral  .s  nearly  opaque.     This  mineral  also  occurs  dissc-minated     n       ■ 
Phosphate.    It  resembles  fluorite  in  colour  but  its  opachylgge^t  .  do 
as  to  whether  u  .s  really  referable  to  this  species      The  roun.         N."  k 
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forms  shown  in  the  microphoK. graph  on  Plate  IX.  No.  2  are  composed  of 
this  mineral.  An  occasional  grain  of  brown  tourmaline  and  of  zircon  (  ?) 
is  also  seen  in  the  thin  sections. 

A  specimen  of  this  phosphate  rock  was,  at  the  direction  of  the  Deputy 
Minister  of  Mines,  analyzed  by  Mr.  M.  F.  Connor,  of  the  Department  of 
Mines.     It  was  found  to  have  the  following  composition: 

Lime .?3 .  70  per  cent 

Phosphoric  Acid  (PA) 24.71  " 

Silica 38.41  ;;    ;; 

Ferric  Oxide  and  Alumina 57 

Magnesia ^' 

Manganous  Oxide f^ce 

Fluorine *  '' 

Alkalies *^  '.',      [[ 

Water  and  Organic  Matter 1 .  10  " 

100.60  "       " 
Less  Oxygen "•' 

Total 99.97"       " 

There  is  present  Phosphate  of   Lime  (3  CaO,  PA)  -  53.95  per  cent. 

The  discovery  of  the  phosphate  rock  as  "float"  in  Forty-milt  creek  has 
demonstrated  that  deposits  of  this  rock  nmst  exist  somewhere  along  the 
course  of  this  stream.  Time  did  not,  however,  permit  of  a  careful  examin- 
ation of  the  several  belts  of  strata  which  have  been  nientionetl  above  as 
those  in  which  the  phosphate  rock  was  most  likely  to  occur,  and  which 
repeatedly  cross  the  creek.  A  search  was  made,  however,  on  Stoney 
Squaw  mountain,  which  is  crossed  by  the  contact  of  the  Rocky 
Mountain  quart/ite  and  the  Tpper  Banff  limestone,  and  which  thus  seemed 
to  present  a  probable  locality  for  the  occurrence  of  phosphate.  This  moun- 
tain, h-iving  a  height  of  6.160  feet,  lies  inmiediately  to  the  south  of  Cascade 
mountain,  which  risis  to  an  elevation  of  9,825  feet.  The  narrow  valley 
between  is  occupied  by  I'orty-niile  creek,  which  flows  into  the  Bow  river 
near  Banff.  On  Dr.  Allan's  map,  to  which  reference  has  l)een  made,  the 
geology  of  Stoney  Squaw  mountain  is  not  shown  quite  accurately,  for  the 
contact  of  the  Rocky  Mountain  <|uartzite  with  the  Upper  Banff  limestone, 
instead  of  cros-sing  near  the  foot  of  the  mountain  on  the  eastern  side,  really 
passes  over  the  western  slope,  the  mountain  being  thus  composed  almost 
entirely  of  the  Upper  Banff  Limestone  formation. 
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The  Upper  Banff  limestone  here  consists  of  beds  of  pure  limestone 
interstratified  with  beds  of  highly  magnesian  limestone,  the  whole  dipping 
to  the  west.  The  limestones,  and  especially  the  magnesian  limestones 
often  contain  niuch  chert  in  the  form  of  nodules  and  irregular  masses, 
while  heavy  beds  of  chert  mark  the  contact  of  this  formation  with  the 
overlymg  Rocky  Mountain  quartzite. 

At  one  point  on  the  southern  slope  of  the  mountain,  in  a  depression 
which  marks  the  contact  of  the  Rocky  Mountain  quartzite  and  the  Upper 
Banffhmestone  (See  Plate  VII),  a  loose  angular  mass  of  quartzite.  evident- 
ly derived  from  the  underlying  strata,  was  found,  which  on  examination  was 
seen  to  contain  a  considerable  percentage  of  phosphate  of  lime.  While  not 
Itself  sufficiently  rich  in  phosphoric  acid  to  be  e::ploited  for  that  material 
its  discovery  at  this,  which  is  the  exact  horizon  in  which,  as  has  been  indic- 
ated, phosphate  rock  might  be  expected  to  occur,  serves  to  stimulate  search 
along  this  line  of  contact  for  other  larger  and  richer  bodies  of  this  valuable 
material. 

This  rock  in  which  phosphate  was  found  is  a  quartzite,  fine  grained  and 
dark  gray  in  colour,  the  phosphatic  portions  not  being  readily  distinguished 
from  the  normal  rock. 

Under  the  microscope  it  is  seen  to  be  composed  of  angular,  semi- 
angular  and  rounded  grains  of  quartz  with  a  small  amount  of  feldspar  and 
a  little  dark  organic  matter  between  the  grains.  A  few  minute  grains  of 
monazite  or  zircon,  with  high  index  of  refraction  and  high  double  refrac- 
tion, but  without  good  crystallographic  form-such  as  are  so  frequently 
seen  in  sandstones  derived  from  the  disintegration  of  granitic  rocks-are 
also  present. 

The  phosphate  is  dark  in  colour,  isotropic  and  in  those  portions  of  the 
rock  where  it  is  present  lies  between  the  quartz  grains,  embedding  them  and 
cementing  them  together.  It  shows  the  same  oolitic  structure  as  is  seen  in 
phosphate  rock  found  in  Forty-mile  creek,  but  this  structure  is  usually  not 
developed  in  such  a  striking  manner. 

A  chemical  examination  of  this  rock  shows  the  content  of  phosphoric 
acid  to  be  as  follows:  Phosphoric  Acid  (PjO,)  ...  7.6  per  cent.  This  is 
equivalent  to  a  content  of  16.6  per  cent  of  tricalcium  phosphate. 

A  significant  fact  in  this  connection  is  that  while  specimens  of  the 
magnesian  limestones  of  the  Upper  Banff  limestones  have  been  found  to  be 
free  from  phosphoric  acid,  the  cherts  which  occur  in  the  formation  and  along 
Its  contact  with  the  overlying  Rocky  Mountain  quartzite  uniformly  con- 
tain small  amounts  of  this  acid.  Having  found  this  to  be  true  from  quali- 
tative tests  made  on  these  chertr-  four  typical  specimens  of  chert  from 
d4fferent  parts  of  Stoney  Squaw  mountain  were  collected  and  the  amount 
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of  phosphoric  acid  which  they  contained  was  determined  quantitativt-ly 
in  the  Laboratory  of  the  Department  of  Mines,  with  the  following  result : 

Phosphoric  acid,  PjOj  —No.  1 15  per  cent. 

.'   —No.  2 10  "       " 

"    —No.  3 "6  "       " 

"    —No.  4 -^0  "       " 

The  almost  invariable  presence  of  chert  in  association  with  the  phos- 
phate beds  in  the  Western  States,  which  has  previously  been  mentioned, 
and  the  presence  of  phosphoric  acid  in  the  chert  of  this  Banff  district, 
suj;gests  that  there  is  some  genetic  connection  between  the  chert  and  the 
phosphate  rock  and  that  the  presence  of  phosphoric-acid  bearing  cherts 
may  be  an  indication  of  the  proximity  of  phosphate  deposits. 

VII.— Suggestions  for  Prospectors  in  Search  of  Deposits  of  Phos- 
phate Rock  in  the  Rocky  Mountains 

1.  As  has  been  already  stated  this  phosphate  rock  may  be  expected  to 
occur  at  a  certain  definite  geological  horizon  near  the  top  of  the  Carboni- 
ferous system.  In  prospecting  for  phosphate  in  the  Rocky  mountains, 
therefore,  the  search  should  be  confined  more  particularly  to  rocks  of  this 
horizon. 

In  the  central  portion  of  the  Rocky  Mountains  park  the  formations  in 
which  phosphate  is  most  likely  to  be  found  are  easily  recognized  and  are 
shown  on  Dr.  Allan's  map  and  on  the  map  accompanying  this  paper. 

2.  These  formations,  however,  continue  along  their  strike  beyond  the 
limits  of  the  park  both  to  the  south  and  in  a  northerly  direction.  The 
probable  phosphate  horizon  can,  therefore,  be  followed  in  these  directions. 
An  extended  report  on  the  geology  of  the  Rocky  mountains  by  Dr.  \llan 
will  be  issued  shortly  by  the  Geological  Survey  of  Canada,  and  in  this, 
more  information  on  the  geologj'  of  this  region  will  be  given  than  is  avail- 
able at  the  present  time. 

,V  One  of  the  chief  difficulties  which  presents  itself  in  prospecting  for 
phosphate  rock  in  the  Rocky  Mountain  region  of  Canada  is  that  of  recog- 
nizing this  rock  when  it  is  found.  It  bears  a  close  resemblance  in  appear- 
ance to  the  limestones  and  magnesian  limestones  as  well  as  to  certain  of  the 
cherts  which  arc  found  abundantly  in  strata  of  l^pper  Carboniferous  age. 
The  prospector  should  provide  himself  with  an  acid  bottle  of  large  size  and 
employ  it  freely.  An  excellent  acid  bottle  for  this  purpose  may  be  obtained 
by  securing  one  of  the  larger  sized  bottles  in  which  ink  for  safety  pens  is 
sold.  These  are  provided  with  a  rubber  cork  pierced  by  a  glass  tube  drawn 
out  to  a  narrow  opening  at  one  end  and  having  a  collapsible  rubber 
bag  at  the  other.   The  whole  is  enclosed  in  a  light  turned  wooden  case  with 
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a  top  that  screws  on.  The  ink  should  be  poured  out  and  the  bottle  washed 
and  filled  with  hydrochloric  acid  diluted  with  an  equal  volume  of  water. 

In  examining  any  specimen  of  dark  rock  which  resembles  phosphate 
rock  a  few  drops  of  this  dilute  acid  should  first  be  dropped  upoii  it.  If  an 
effervescence  results,  the  rock  is  a  limestone.  If  not,  the  specimen  should 
be  |)oundetl  with  the  hammer  to  bruise  it  and  the  powder  so  produced  should 
be  treated  with  the  acid.  If  it  now  effervesces,  it  is  a  magnesian  limestone. 
If,  however,  it  still  shows  no  effervescence,  an  attempt  should  be  made  to 
scratch  it  with  the  hammer  or  by  means  of  a  knife.  If  a  narrow  line  having 
a  bright  shining  metallic  appearance  is  traced  upon  the  surface  of  the  rock, 
it  is  harder  than  the  steel  and  is  a  chert  or  fine-grained  quartzite. 

When  the  possibility  of  the  specimen  belonging  to  one  or  other  of 
these  several  classes  of  rock  has  been  eliminated,  it  should  be  carefully 
examined  with  a  lens  when,  if  it  be  phosphate  rock,  it  will  probably  show  a 
surface  studded  with  minute  spheres,  black  in  colour,  or  little  circles  re- 
presenting these  spheres  in  cross  section.  This  is  the  oolitic  structure  re- 
ferred to  in  the  description  of  this  rock.  The  rock,  if  massive,  will  also 
Ik-  distinctly  heavier  than  the  common  rocks  of  the  region.  Sometimes 
up(jn  breaking  it  ^  fetid  odour  can  be  noticed. 

4.  In  order,  however,  to  be  certain  that  the  specimen  in  question 
contains  phosphoric  acid,  it  is  necessary  to  submit  it  to  a  chemical  test. 
This  may  be  done  in  the  following  manner: 

Powder  some  chips  of  the  rock  in  a  n  until  the  material  will  pass 

through  a  100  mesh  sieve.  Place  as  much  o.  .  owder  as  can  be  taken  up 
readily  on  a  twenty-five  cent  piece  in  an  ordi  •  small  enamel  cup,  add 
about  30  cc.  of  water  and  10  cc.  of  concentratea  nitric  acid.  Cover  the  cup 
with  a  large  watch  glass  and  warm  gently  for  ten  minutes.  Filter,  or  de- 
cant off  the  fluid  if  it  is  clear,  into  a  glass  beaker  and  add  100  cc.  of  water, 
then  a  few  cubic  centimetres  of  a  saturated  solution  of  carbonate  of  am- 
monia. This  will  probably  make  the  clear  solution  somewhat  cloudy. 
Nitric  acid  should  then  be  added  drop  by  drop  until  the  solution  clears  up 
again  and  gives  a  faint  but  distinct  acid  reaction  with  blue  litmus  paper. 
The  solution  is  then  warmed  again  to  a  temperature  of  70"  or  80°  C.  and 
50  cc.  of  a  concentrated  solution  of  molybdate  of  ammonia  is  added  drop 
by  drop,  while  the  solution  is  being  stirred.  This  solution  is  allowed  to 
stand  in  a  warm  place  for  15  minutes;  if  phosphoric  acid  is  present,  a  bright 
yellow  granular  precipitate  of  phospho-mclybdate  of  ammonia  will  appear. 
5.  If  it  is  desired  to  determine  in  the  field  approximately  the  percent- 
age of  phosphoric  acid  present  in  the  rock,  the  following  method,  which  is 
essentially  that  used  by  the  United  States  Bureau  of  Soils  in  the  examin- 
ation of  the  phosphate  beds  of  the  Western  United  States,  may  be  em- 
ployed : 
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The  sample  is  crushed  in  an  iron  mortar,  pulverized  in  a  small  porce- 
lain mortar,  and  finally  put  through  a  100  mesh  screen.  Two  grams  of  the 
powder  are  weighed  and  brushed  into  an  enamel  cup;  25  to  30  cc.  of  water 
are  added  and  then  10  cc.  of  concentrated  nitric  acid.  The  cup  is  covered 
with  a  watch  glass,  placed  on  an  iron  plate  over  a  coal  oil  burner,  and  the 
contents  allowed  to  digest  for  seven  or  eight  minutes.  After  cooling  some- 
what, the  insoluble  material  is  filtered  off,  washed  thoroughly  on  the  filter, 
and  the  filtrate  made  up  to  200  cc.  with  water.  This  solution  is  thoroughly 
mixed  and  20  cc.  of  it  is  then  taken  for  analysis.  This  is  diluted  with  .?0  cc. 
of  water  and  a  few  cubic  centimetres  of  a  saturated  solution  of  ammonium 
carbonate  added.  Sufficiei'  nitric  acid  to  dissolve  any  precipitate  and 
render  the  solution  acid  to  litmus  paper  is  then  added.  The  beaker  is  then 
placed  on  the  hot  plate,  heated  to  70"  or  80"  C.  and  100  cc.  of  a  concentrated 
solution  of  ammonium  molybdate  is  added,  drop  by  drop,  with  constant 
stirring.  After  standing  ten  minutes  the  solution  above  the  precipitate  of 
ammonium  phospho-molybdate  is  decanted  off  and  filtered,  and  the  pre- 
cipitate washed  as  far  as  possible  by  decantation  until  the  washings  give 
no  acid  reaction.  The  filter  and  its  contents  are  then  returned  to  the  beaker, 
a  little  water  added,  and  a  standard  solution  of  potassium  hydroxide  run  in 
from  a  burette  until  the  yellow  precipitate  dissolves.  A  few  drops  of  phe- 
nolphthalein  are  added  and  standard  nitric  acid  (matched  against  the 
potash  solution)  is  run  in  from  a  burette,  drop  by  drop,  until  the  pink 
colour  of  the  indicator — phenolphthalein — disappears.  The  quantity  of 
nitric  acid  used,  subtracted  from  the  amount  of  potassium  hydroxide,  gives 
the  number  of  cubic  centimetres  of  the  latter  solution  required  to  dissolve 
the  yellow  precipitate.  The  potassium  hydroxide  employed  should  be  of 
such  strength  that  one  cc.  equals  one  milligram  of  phosphoric  acid. 

In  order  to  be  certain  that  all  the  phosphoric  acid  has  been  precipitate<l, 
it  is  well  to  add  another  25  cc.  of  the  ammonium  molybdate  solution  to  the 
clear  filtrate  from  the  yellow  precipitate  and  allow  the  beaker  to  stand  on 
the  warm  plate  for  another  half  hour. 

The  standard  solution  of  potassium  hydroxide,  as  well  as  the  standard 
nitric  acid,  should  be  carefully  prepared  in  a  laboratory  and  taken  into  the 
field  in  stout  stoppered  glass  bottles. 

The  following  method  for  the  accurate  determination  of  phosphoric 
acid  if  laboratory  facilities  are  available  is  recommended  by  the  Committee 
on  Research  and  Analytical  methods,  Division  of  Fertilizer  Chemists, 
American  Chemical  Society:* 

"To  5  grams  of  the  sample  add  30  cc.  of  concentrated  hydrochloric  acid 
(sp.  gr.  1.20)  and  10  cc.  of  concentrated  nitric  acid  (sp.  gr.  1.42)  and  boil 
down  to  a  syrupy  consistency.    The  residue,  which  should  be  nearly  solid 

'The  American  Fertilizer,  July  24th,  1915,  p.  60. 


No.  I 


N.i.  "J 


">^'-'^-^-- 


^•^,  r 

^-..: 


'    ii^ 


^-  >j> 


^.■;'w<r 


)    ^ 


I'l  \[i:  IX — MitKiii'imnH.K  Ai'ir-' oi   rmi^i'iiMi.  Koik,  I  hktv-mii  i   *  ni-ik.  I<i 
Minsr.MN-,  I'akk,  Uami,  Ai.hikia 
Maenified  56  diiiMictcr'^. 


PIUJSI'HATK  OF   LIMK    IN    THE    RIX:KY    MOINTAINS  2J 

after  cooling,  is  taken  up  with  5  cc.  of  concentrated  nitric  acid  and  5(t  cc. 
of  water.  Heat  to  boiling,  cool,  filter  and  make  up  to  500  re  through  the 
filter.  This  procedure  eliminates  practically  all  of  the  silica,  and  it  is 
necessary  to  filter  as  quickly  as  |)ossihle  after  digestion  so  as  to  avoid  re- 
dissolving  the    ilica. 

"Draw  ofi  an  aliquot  portion  of  50  cc.  corresjxjnding  to  0.5  gram, 
neutralize  with  ammonia  and  just  clear  with  nitric  acid.  Add  15  grams  of 
ammonium  nitrate  (free  from  phosphates),  heat  the  solution  to  50"  C.  and 
add  150  cc.  of  molybdate  solution.  Digest  at  50"  C.  for  fifteen  minutes 
with  frequent  stirring.  Filter  off  the  supernatant  liquid  and  test  the  fil- 
trate with  molybdate  solution  to  see  if  precipitation  has  been  complete. 
(If  not,  add  more  molybdate  to  the  filtrate  and  digest  for  fifteen  minutes 
longer.)  Wash  with  five  per  cent  ammonium  nitrate  solution  by  decant- 
ation,  retaining  as  much  of  the  precipitate  as  possible  in  the  Ix-akcr.  Dis- 
solve the  precipitate  in  the  beaker  in  the  least  possible  quantitv  of  ammo- 
nium hydroxide  (sp.  gr.  0.90)  and  dilute  this  solution  with  several  times 
its  volume  of  hot  water.  Dissolve  the  remainder  of  the  precipitate  on  the 
filter  with  this  solution,  washing  beaker  and  filter  with  hot  water  and  keep- 
ing the  volume  of  the  filtrate  between  75  cc.  and  100  cc.  Neutralize  with 
hydrochloric  acid,  cool  to  room  temperature  and  add  25  cc.  of  magnesia 
mixture  from  a  burette,  drop  by  drop,  stirring  vigorously  with  a  ruhber- 
tip|)ed  r(xl,  then  add  15  cc.  of  ammonium  hydroxide  (sp.  gr.  0.90)  and 
allow  to  stand  for  four  hours,  or  over  night,  at  room  temperature.  The  time 
of  standing  may  be  reduced  to  two  hours  if  kept  in  a  refrigerator  or,  still 
better,  in  an  ice  water  bath.  Filter  through  a  platinum  or  porcelain  GofK-h 
crucible,  fitted  with  a  carefully  made  asbestos  or  platinum  mat  and  ignited 
to  constant  weight.  Wash  with  2.5  per  cent  ammonium  hydroxide  until 
practically  free  from  chlorides,  dry,  ignite,  cool  and  weigii  as  magnesium 
pyrophosphate.  If  desired,  filtration  may  be  made  through  an  ashless 
filter  paper,  igniting  in  the  usual  manner.  Calculate  to  P.O.  bv  multiplvinE 
by  0.6.378  flog  80468)."  "    '    ' 


VIII. — Dominion  Rk<.ul.\tions  Rkspcc  ting  Disposal  of 
Phosph.atk  Lands 

Mineral  deposits  on  Dominion  lands  in  the  provinces  of  Manitoba, 
Saskatchewan.  Alberta,  North-west  Territories  and  Yukon  are  disposed 
of  under  Regulations  for  the  Disposal  of  Quartz  Minitif^  Claims*. 

These  regulations  state  that  :  'Minerals  shall  mean  all  valuable  de- 
posits of  gold,  silver phosphorus etc." 

From  the  above  it  can  be  seen  that  the  disposal  of  phosphate  deposits 
in  these  provinces  comes  under  the  Quartz  Mining  Regulations.  An  amend- 
mentt  to  the  Dominion  Lands  Act  provides  that  Dominion  lands  shall 
not  be  sold  and  no  Crown  grants  will  be  issued  for  mineral  claims,  staked 
under  Quartz  Mining  Regulations,  after  the  date  the  amendment  came 


•Approved  by  Order-in-Council,  August  13,  1908  and  amended  by  subsequent  Orders- 
in-Council. 

t4-S  George  V,  chap.  27,  assented  to,  June  12th,  1914. 
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into  force;  leases  of  occupation  will  probably  be  issuetl  in  lieu  thereof,  but 
as  no  one  has  earned  a  Crown  grant  since  the  above  date,  this  method  of 
disfKJsal  has  not  yet  been  determined. 

The  size  of  a  claim  located  under  these  regulations  is  l,St)0  feet  by 
1.500  feet  and  no  person  is  entitled  to  hold  in  his  own  name  or  in  the  name 
()f  any  other  person  more  than  one  claim  on  the  same  vein  or  lode,  or  within 
a  distance  of  one-half  mile,  except  by  purchase,  but  such  person  may  hold 
by  location  a  claim  upon  any  separate  vein  or  lode. 

Should  the  phosphate  deposits  in  the  R(Kky  mountains  prove  to  occur 
in  extent  and  quantity  comparable  with  those  in  the  Western  States  it 
would  be  necessary  for  the  Dominion  Government  to  make  ?  cw  regulations 
dealing  with  the  working  of  phosphate  lands  within  this  area. 
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Appendix 

Phosphati;  Ri-.mumi  ks  ok  thi;  WoHr.u 

Tabi.i-:  I.— I'hosphati-  prixhiction  of  thr  world  from  19()M  to  tQI.J,  in 
Ions  of  2,()()0  (Mjunds. 


('l)l  NfRV 


1908 


Alucri.i 

AiiKuur  H.ilan  Iseln 

Austruliu 

Belgium  

C!anadu 

Chrisimas  Island    

Uutch  West  Inilieit 

Arulu   

Curacao.    ' 

Kuypl : 

Frame 

French  ( iuiana 

Malcatea 

Norway 

Ocean  and  Naurn  Islands 

Russia       

Spain         

Sweden 

Tunis 

United  Stales    

Totals 


497,200 


217,800 

1,596 

286,000 

22,000 


800 

533,600 

9,900 


1,940 

330,000 

16,200 

4,900{ 


1909 


386,2001 
9,900> 


225,5001 

998| 

217,800 

29.7001 


1,100 

437,800 

9.900 


1,430,000 
2,654,300 


1.450 

217,800 

14,200 

1,500 


1,345,300 
2,753,400 


6,006,236   5,652,548 


1910 


1911 


453,200 

49,500 

5,700 

223,000 

1,478 

341,600 


351,000 

45,100 

6,500 

216,400 

621 

275,000 


H12 


427,3001 
55,000! 


1913 


507,100 


.    Kn)  195,800 

164!  385 

330,000       165,000 


29,800  (a)  29,700 
3,800  (o)     1,900 


2,600^ 

366,400 

7,400 


7,000 
343,200 


77,000         70,000 


1,000 

341,000 

16,800 

3,100 


13,200        44,(HK)I 


275,(KK) 
11,00(1 

3,goo 


3!(),(H)0! 


3,600 


1,414,800    1.591,200    2,115.300    l,«)X3,30O 
2,997,200    3.586,000    3,537,f)(H)i  3.374,800 

6,258,378    6.756.721    6.<M'>,'»w|  6,296.385 


(a)  Kx|X)rt> 
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Tablk  II.— lmiK)rls  of  phosphate  iiu  >    he  principal  countrit-*  of 
world  from  JQlt-lQli,  in  tons  of  2,(H)0poumi 


ColNTHV 


1911 


Knglanil  Id) 
France., 
(iermanv  (6) 
japan  (i 
KuKsia  id) 
Spain 


814,30' 
'».^60( 

.««4,'i" 


1912 


07,600 

.^800 

|J,101) 

V  ,>-',86o 
:  ,700 


\t\i 


t>02,4()«i 

t, 028,001) 

883,.U)0 


506,400 


(a)  Inrludeit  baitic  alat{  and  guano. 

(b)  In   1913  over  50  per  cent  of  (iernian   m  ,,  losphah  camo  finni   the 

I'nited  State*. 

(c)  StatiMicu  not  available,  but  it  i*  knowr  '    .i      'fl  lep  .i  '  ^  .^c  iinp()rted 

from  Algeria.  Tunis  and  the  iilai  1       '  n  import»90  per 

cent  of  the  output  of  Egypt. 

(d)  InrludeH  allferiilizeri  containing  phoafili. 

United  6Y.J/0.- The  Tniiwl  States  is  ,t  on!'  m.  i.M.;o^t  producer  ^t 
phosphate  rock  but  has  a  l<nown  reserve  far  greater  than  iny  other  couiiti-y. 

Owing  to  the  irreRular  character  ot  some  of  the  .\-  '•'■^can  deposits 
accurate  estiinates  can  1k'  made  only  alter  careful  work  I'he  following 
estimates  are  from  data  coUecteil  by  the  IJnitetl  States  Department  ol 
.Agriculture.  The  ngures  represent  rock  irrailinR  from  61)  to  70  per  cent 
bone  phosphati'  of  lime.  In  the  .  ase  ol  the  low-grade  phosphate  in  the 
We  t  and  the  wasli  heaps  of  Florida,  the  material  is  figured  to  its  equiv.i- 
Icnt  ip  high-grade  rock. 

Taiii.k  hi.— Reserve  supply  of  phosphate  rock  in  United  States. 

Utah.  Idaho,  Wyoming  and  Montana:  Tons 

High-grade 2,500,000.000 

High-grade  equivalent  of  all  grades 7, 500,000. 00(t 

Florida: 

High-grade .}54,300,000 

High-grade  equivalent  of  wash  heaps 20,000.000 

Tennessee: 

High-grade  equivalent  of  all  grades 115,075,000 

South  Carolina: 

High-grade  equivalent  of  all  grades 10,000,000 
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Ar^iHsas: 

HiKh-Kriuk-  equivalent  of  all  grades 2n,000,0UU 

Kentucky: 

HiRh-gradc  equivalent  of  all  Rrailes 50»1,0O> 

Total 10,5iy.S75,(KMI 

The  phrtsphate  depositit  of  the  United  States  are  di>.triliiiU(l  |)riii- 
(ipally  amii!!^!  four  localities:  (1)  Along  the  west  coast  of  Kloriil.i;  i2)  .tlonu 
the  coast  oi  South  Carolina;  (3)  in  central  Tennessi.'c;  and  (4)  in  an  area 
comprising  south-eastern  Idaho,  south-western  Wyoming,  north-e.istcrn 
I'tah  and  in  west-central  Montana.  In  addition  to  thes*-  .ire.i-  M>nif  de- 
posits occur  in  Arkansas,  North  (^arolina,  Alaham.i  .md  Mississippi. 

The  productioit  of  Tennessee  is  increasing,  that  of  Klorida  a(»pe,irs  to 
have  reache<l  its  maximum,  the  South  Carolina  output  i>  diminishing,  ami 
the  Arkansas  d(  ^losits  are  of  low  grade.  For  these  reasons  the  largest  future 
production  must  come  from  the  western  deposits. 

At  the  Conference  of  Governors  in  I9()8  .ittention  w.i-,  directe<l  t'«  the 
|X)ssibility  of  foreign  inx'estors  acquiring  the  hetter  known  and  supp)sedl>' 
richer  portions'f  phosphate  deposits  in  the  liiited  States*;  also  thequestion 
of  the  future  aUequacy  of  the  phosphate  resources  for  the  needs  of  ili.it 
nation  had  previously-  Ix'en  mcntione<l  by  several  .iiitliorities.  P.irtly  on 
this  account  the  Secretary  of  the  Interior,  in  1908  withdrew  troin  fittiy 
alwut  7, 000  'square  miles  of  public  land  in  Idaho.  I't.ili,  .ind  Wyoming, 
pending  an  examination  of  their  phosphate  resources.  Siiue  th.ii  iiin>'  the 
United  States  Geological  Survey  has  examined  in  a  preiiinin.irv  w,i\  -ome 
4,000  square  miles  and  surveved  in  detail  some  2,.iO((  siiu.ire  mile>. 

Africa:  The  phosphates  of  Northern  .Africa  including  th<)se  of  I'unis, 
Algeria  and  Kgypt,  are  next  in  importance  to  those  of  the  United  Sr.ites. 
The  total  output  in  191.^  was  2,.?28,800  tons. 

The  phosphate  deix)sits  of  Tunis  and  Algeria  occur  in  largr  ii-n^.  -  of 
considerable  thickness  and  range  in  grade  from  58  to  68  yyer  rent  hone 
phosphate  of  lime. 

The  Egyptian  deposits  have  lieen  found  in  various  portions  ot  the 
desert  regions  and  in  the  valley  of  the  Nile.  They  occur  in  rocks  of  Cre- 
taceous age.  The  rwk  grades  from  .W  to  6S  per  c-eiit  lione  phosph.ite  of  lime. 

Islands  of  the  Pacific  and  Indian  Oceans:  The  highest  grade  deposits  ot 
amorphous  phosphate  yet  discovered  are  those  of  the  Pacific  and  Indian 
oceans.  Among  the  more  important  phosphate-producing  islands  are 
Ocean  island  (British),  Tahiti    and  Mak.atea  (French)  and  the  idand  isf 

•See  Classification  of  Public  Lands,  United  States  ecological  Survey,  BuH.  5,?7, 
page  127. 
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Naru   (German).      Besides  these,  Christmas  island  in  the  Indian  ocean 
contains  a  large  tonnage  of  high  grade  rock. 

The  phosphates  are  derived  from  bird  excrements  which  have  l)een 
leached  and  their  phosphoric  acid  fixed  by  the  underlying  coral  rock;  much 
of  the  material  contains  as  high  as  87  per  cent  bone  phosphate  of  lime. 

Russia :  Phosphorites  occur  over  a  large  area  in  Russia,  but  the  south- 
ern region  near  the  Austrian  frontier  is  the  only  one  that  has  been  exploited. 
The  deposits  occur  in  Jurassic  and  Cretaceous  rocks  and  the  average  grade 
of  the  rock  is  almut  75  per  cent  bone  phosphate  of  lime.  Much  of  the 
material  is  shipped  to  Poland  and  made  into  acid  phosphate;  fertiliEcrs  are 
also  imported  to  Russia  in  large  quantities  from  Germany,  Belgium  and 
England. 

France  and  Belgium:  The  phosphates  of  France  and  Belgium  occur 
both  in  Tertiary  and  Cretaceous  rocks  with  an  average  content  of  phos- 
phate of  lime  of  about  50  to  55  per  cent.  On  account  of  the  discovery  of 
higher  grade  rock  in  other  portions  of  the  world  phosphate  mining  has 
fallen  off,  althcjugh  large  quantities  of  raw  material  are  imported  and  manu- 
factured into  soluble  phosphates. 

Germany:  Germany  has  no  phosphate  deposits  of  commercial  value, 
but  imports  a  very  large  tonnage  from  the  United  States,  Tunis,  Algeria 
and  Belgium.  The  imports  in  1912  amounted  to  about  1,000,000  tons 
valued  at  $10,743,800.  Practically  all  of  the  njck  is  made  into  acid  phos- 
phate for  domestic  consumption. 

England:  Phosphate  has  not  l)een  found  in  sufficient  quantities  in  the 
British  Isles  to  prove  of  commercial  inip<}rtance. 

Peru:  The  Peruvian  guano  deposits  have  been,  and  are,  important 
sources  of  phosphoric  acid  and  nitrogen. 

Canada:  With  regard  to  the  phosphate  industry  in  Canada,  Mr. 
Mcl-eish  in  the  Annual  Report  of  the  Mines  Branch,  Department  of  Mines 
fi)r  191.S,  on  Mineral  Production  of  Canada  states: 

"The  small  production  of  phosphate  or  apatite,  which  has  been  ob- 
tained in  Canada  since  1896,  has  been  produced  almost  altogether  as  a 
by-product  in  connection  with  the  mining  of  mica.  Shipments  during  191vS 
were  385  tons,  valued  at  $3,643,  shipped  chiefly  from  the  Little  Rapids 
mine,  township  of  Portland  East,  with  a  small  quantity  frf)m  Davidson 
Corners,  Que. 

"Phosphate  is  used  at  Buckingham,  Que.,  in  the  manufacture  of  ferro- 
phosphorus,  phosphorus,  and  fertilizers,  and  the  main  supply  is  now  im- 
p<jrted  from  Florida. 
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"For  a  number  of  years  previous  to  1892,  there  was  a  consHierahlo 
production  of  apatite  from  the  district  north  of  Buckingham,  the  annual 
output  varying  from  20,()00  tons  to  3(),n()0  tons.  The  intr(Kiuctii>n  of  the 
cheaplv-mined  phosphates  of  the  Southern  States,  iiowever,  resulted  in  the 
collapse  of  the  Canadian  industry,  though  it  was  claimed  at  the  time  of 
closing  down  that  there  was  no  diminution  in  the  available  supply  of 
mineral. 

"Statistics  of  production  and  exports  are  shown  in  the  tables  following: 
Tahi.I';  IV.— Annual  Production  of  PiiosniATii  in  Canad.v 


Calendar 
Year 


Tons        Value 


1886. 

1887 

1888. 

188Q. 

1890. 

1891, 

1892. 

1893. 

1894. 

1895. 

1896. 

1897, 

1898. 

1899. 


20,495 

23,690 

22,485 

30,988 

31,753 

23,588 

11,932 

8,198 

6,861 

1,822 

570 

908 

733 

3,000 


$ 

304,338 

319,815 

242,285 

316,662 

361,045 

241,603 

157,424 

70,942 

41,166 

9,565 

3,420 

3,984 

3,665 

18,000 


Average  j 

value  perj 

ton 

$  cts. 

14,85 

13,50 

10,77 

10  21 

11  37 

10  24  1 

13,20  1 

8.65  ' 

6  00 

5 .  25 

6  00 

4.39 

5,00 

6  00 

Calendar 
Year 


Average 

value  per 

ton 
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Tablk  v.— Exports  of  Phosphate  from  Canada 


Calendar 
Year 


1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
19(M) 
1901 
19(L' 
19(K< 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
101,? 


Ontario 




Quebec 


Tons 


824 
,842 
,387 
.471 
568 
50 
763 
434 
644 
705 
,643 
,547 
866 
,551 
,501 
,990 
980 

1 

70 

21 

215 


•Value 


Tons 


12,278 

20,565 

14,422 

36,117 

6,338 

500 

8,890 

5,962 

5,816 

8,277 

30,247 

38,833 

21,329 

16,646 

12,544 

11.550 

10,560 


5 
450 
240 

1,850 


9,919 

6,604 

11,673 

9,497 

16,585 

19,666 

20,946 

28,535 

19,796 

22,447 

16,133 

26,440 

26,591 

15,720 

9,981 

5,748 

3,470 

250 

299 

165 

702 

93 


•Value 


195,831 

101,470 

175,664 

182,339 

302,019 

427,168 

415,350 

490,331 

337,191 

424,940 

268,362 

355,935 

478,040 

368,015 

141,221 

56,402 

29,610 

2,500 

2,990 

400 

8,000 

1,725 


Total 


Tons 


10,743 

8,446 

13,060 

11,968 

17,153 

19,716 

21,709 

28,969 

20,440 

23,152 

18,776 

29,987 

28,457 

17,271 

11,482 

7,738 

5.450 

250 

300 

235 

723 

308 


6 

70 

1 

191 

40 


1 
895 


•Value 


208,109 

122,035 

190,086 

218,456 

308,357 

427,668 

424,240 

496,293 

343,007 

433,217 

298,609 

394,768 

499,369 

384,661 

153,765 

67.952 

40.170 

2.500 

2,995 

850 

8,240 

3.575 


120 

1,880 

20 

5,348 

1,253 


30 
15,735 

"  ioo 


•These  values  do  not  compare  with  those  in  Table  1 ;  the  spot  value  is  adopted  for  the  pro- 
duction, while  the  exports  are  valued  upon  quite  a  different  basis. 

"The  imports  of  phosphate  rock  (fertilizer)  for  1913  were  valued  at 
S16,070;  phosphorus  17,600  pounds,  valued  at  S5,856;  and  manufactured 
fertilizers,  valued  at  S.S05,904.  The  imports  in  1912  included  phosphate 
rock  (fertilizer),  valued  at  S24,586;  phosphorus  13,807  pounds,  valued  at 
S4,012;  and  manufactured  fertilizers,  valued  at  $580,351. 

"Phosphorus  is  manufactured  at  Buckingham  (Quel)ec)  by  the  Electric 
Reduction  Company.  The  exports  of  phosphorus  during  the  twelve  months 
ending  December  31,  1913,  were  534.340  pounds,  valued  at  $73,395,  as 
compared  with  543,620  pounds,  valued  at  $66,806  in  1912,  and  524,370 
pounds,  valued  at  $76,608  in  1911." 
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Other  Countries:  Deposits  of  phosphalv  have  hcf.,  di.a.vereci  on  R.isa 
i  l.nd  a  the  extreme  end  of  the  Lo<K:hoo  islands.  The  mater.al  averages 
aiou  77  per  Tent  ,,one  phosphate  and  the  Island  is  estimated  to  con  a.n 
SS  (i;. ';::  but  ■.  hi  not  been  developed  to  -y  «reateja.m.  n.os- 
okate  .Kcurs  on  the  Pratas  islands  170  mdes  south  of  Hong  Kong  h  na. 
The  auantitv  of  phosphate  contained  in  these  det^osUs  .s  est.n  ated  a. 
96.).o3o  ton!-  High'  grade  phosphate  is  also  found  on  the  .sland  of  C  ura.ao. 
one  of  the  Dutch  West  Indies. 

LKADING  RKFKRENCES  ON  WESTERN  PHOSPHATE  DEPOSITS 
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